Introduction: Patients with type 2 diabetes are at enhanced risk for macro-and microvascular complications. Albuminuria and/or reduced kidney function further enhances the vascular risk. We initiated the Aliskiren Trial in Type 2 Diabetes Using Cardio-Renal Endpoints (ALTITUDE). Aliskiren, a novel direct renin inhibitor, which lowers plasma renin activity, may thereby provide greater cardio-renal protection compared with angiotensin converting enzyme inhibitor (ACEi) or angiotensin receptor blocker (ARB) alone. Materials and methods: ALTITUDE is a randomized, double-blind, placebo-controlled study in high risk type 2 diabetic patients receiving aliskiren 300 mg once daily or placebo added to recommended cardio-renal protective treatment including ACEi or ARB, but not both. The number of patients randomized was 8606. Results: Baseline characteristics (median, IQR) are: age 65 (58, 72) years, male 68%, BMI 29.1 (25.7, 32.2) kg/m 2 , cardiovascular disease 47.9%, blood pressure 134.7 (126, 150)/74.3 (67, 81) mmHg, HbA 1c 7.5 (6.6, 8.6)%, LDL-cholesterol 2.4 (1.9, 3.0) mmol/L, haemoglobin 130 (119, 143) g/L, serum creatinine 115 (91, 137) µmol/L, eGFR 51.7 (42, 65) ml/min per 1.73 m 2 , geometric mean UACR 198.9 (52, 2886) mg/g and frequency of micro/macroalbuminuria 25.7% and 58.2%. ALTITUDE is an event-driven trial to continue until 1628 patients experience a primary cardiovascular-renal event.
Introduction
Persistent albuminuria is the hallmark of diabetic nephropathy, a condition that is characterized by progressively rising arterial blood pressure, declining glomerular filtration (GFR) rate and a high risk of end-stage renal disease (ESRD) and fatal or non-fatal cardiovascular disease (CVD). 1 Next to blood pressure, baseline urinary albumin excretion, initial reduction in albumin excretion with therapy and residual albumin excretion, despite renoprotective treatment, are all closely associated with decline in GFR, risk of ESRD, CVD events and mortality in diabetes. [2] [3] [4] [5] In addition, reduced GFR (<60 ml/min per 1.73m 2 ) is an independent risk factor for both ESRD and CVD. 6, 7 Type 2 diabetes and chronic kidney disease (CKD) are both characterized by increased activity of the renin-angiotensin-aldosterone system (RAAS). 1 A novel renal metabolic receptor, GPR91, which binds succinate, is a direct link
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between glycaemic control and renin release. 8 Patients with poor glycaemic control have the highest renin release. Previous studies have demonstrated that the RAAS plays an important role in the development and progression of diabetic macro-and microangiopathy. 1 Consequently RAAS blockade and blood pressure (BP) lowering have been a cornerstone in the prevention and treatment of cardio-renal complications in diabetic patients. [9] [10] [11] [12] Despite the improved outlook for type 2 diabetic patients there is still a large unmet need for new strategies to further reduce cardiovascular and renal complications.
In 2007 an orally active direct renin inhibitor, aliskiren, was approved for treatment of hypertension. Aliskiren inhibits the first and rate-limiting step in the RAAS cascade, the conversion of angiotensinogen to angiotensin I, thereby reducing synthesis of all subsequent components of the cascade, except plasma renin concentration. 13 Several small studies with aliskiren in diabetes have demonstrated an antiproteinuric effect of monotherapy, enhanced albuminuria reduction with dual RAAS blockade and that the optimal dose for reno-protection is 300 mg once daily. [14] [15] [16] In a multinational, randomized, double-blind study (AVOID), in 599 patients with hypertension, type 2 diabetes and nephropathy, who are receiving the recommended renoprotective treatment, we showed that the anti-proteinuric effect of aliskiren was independent of its blood pressure-lowering action. 17 The aim of the present trial is to determine the effectiveness and safety of direct renin inhibition with aliskiren compared with placebo in type 2 diabetic patients at high risk of fatal and non-fatal renal and CVD events. Aliskiren is added to optimal treatment with an angiotensin converting enzyme inhibitor (ACEi) or angiotensin receptor blocker (ARB), along with other evidence-based cardiovascular protective therapy, which is recommended in all patients.
Materials and methods
The detailed rationale, study design and methods for ALTITUDE have been published elsewhere. 18 
Study population
We are studying type 2 diabetic patients at high risk for fatal and non-fatal cardiovascular and renal events. The patients are required to fulfil the following inclusion criteria: persistent albuminuria (urinary albumin/creatinine ratio, UACR ≥ 200 mg/g) in two out of three consecutive first morning void urine samples, or an eGFR ≥ 30 < 60 ml/ min per 1.73 m 2 calculated by the abbreviated MDRD study equation 19 and persistent microalbuminuria (UACR ≥ 20 mg/g) in two out of three consecutive first morning void urine samples or a history of CVD. In ALTITUDE microalbuminuria was defined as a UACR 20-200 mg/g, as compared with the standard definition of 30-300 mg/g, because all patients were already on therapy with an ACEi or ARB.
The protocol has been approved by the Ethics Review Committee/Institutional Review Board affiliated with each centre. The study is being conducted in accordance with Good Clinical Practice, Declaration of Helsinki 2002. All participants provided written informed consent. An external independent data monitoring committee (DMC) will monitor safety throughout this study. The trial has been registered on Clinicaltrials.gov, NCT00549757.
Medical management
It is recommended that all patients receive optimal doses of an ACEi or ARB, optimal antihypertensive therapy for renal and CVD protection and primary or secondary preventive therapy with a statin, anti-platelet therapy and a beta-blocker treatment, as indicated by local guidelines. Glycaemic control is also recommended to follow local guidelines.
Primary objective
The primary endpoint is the composite of cardiovascular (CV) death, resuscitated sudden death, non-fatal myocardial infarction (MI), non-fatal stroke, unplanned hospitalization for heart failure, ESRD or renal death or doubling of baseline serum creatinine concentration, sustained for at least a month, which will be analysed as time to the first event. The onset of ESRD is defined as initiation of persistent dialysis, renal transplantation or a serum creatinine concentration >6.0 mg/dl (530 µmol/L). Renal death is defined as death attributable to kidney failure or due to lack of renal replacement therapy because dialysis or transplantation is unavailable, not provided or refused.
Results

Enrolment
From 10 October 2007 through 23 June 2010, a total of 21,152 patients from 36 countries were screened and 8606 (41%) of these were randomized. The geographical distribution of the randomized patients is shown in Table 1 . The main reasons for screen failures were: patients had unacceptable laboratory values (47.3%), did not meet diagnostic/ severity criteria (40.1%) or 7.3% withdrew their consent. Table 2 shows the baseline characteristics of the randomized population. At the time of randomization 56.6% were treated with insulin, and biguanides and sulphonylureas were used by 46.2% and 31.9%, respectively (Table 3 ). An ACEi was used by 44.2% and the remaining 55.9% of the patients used an ARB; 63.2% used loop/thiazide diuretics at baseline. The frequency of diuretic use at baseline varied considerably from country to country (range: 26.1% to 89.8%, data not shown). The Asian countries had the lowest use of diuretics, while the European countries had the highest use. Statin treatment was used by 65.1% and aspirin or other anti-platelet agents were used by 62.5%.
Overall cohort
Patients with and without history of CVD
Several of the below-mentioned differences were dictated by the inclusion criteria. Patients with CVD were older and more often White, obese, and male, compared with patients without a history of CVD (Table 2 ). In patients with CVD, the level of UACR and frequency of micro-macroalbuminuria was lower than in patients without a CVD history, whereas serum creatinine was higher. Mean blood pressure and HbA 1c were similar, while cholesterol and triglycerides were lower in patients with CVD compared with those without. Patients with CVD were more likely to report beta-blocker, diuretic, statin, aspirin or other anti-platelet agent use compared with those who did not have CVD (Table 3) .
Patients with and without macroalbuminuria
Patients with macroalbuminuria were younger, more often non-White, less likely to have CVD and had a lower average creatinine concentration compared with those without macroalbuminuria ( Table 2 ). Blood pressure, HbA 1c and LDL-cholesterol tended to be higher in patients with overt albuminuria. Use of CVD-protective therapy was less common in patients with macroalbuminuria, while insulin use was more frequent, compared with those without macroalbuminuria (Table 3) .
Comparison with the ONTARGET study
Both ALTITUDE and ONTARGET 20 evaluate the impact of dual RAAS blockade on CVD events, but drug classes differ (ACEi and ARB used in ONTARGET). The primary composite endpoint is identical, but is expanded with ESRD or renal death or doubling of baseline serum creatinine concentration (sustained for at least one month) in ALTITUDE. 18 The ALTITUDE patients are characterized by higher frequency of arterial hypertension (94.4% vs. 69%), micro-macroalbuminuria (83.9% vs. 17.1%), CKD stage 3 (65% vs. 24%) and use of diuretics (63.2% vs. 28.0%) compared with the ONTARGET patients. All patients in ALTITUDE have type 2 diabetes, while this was present in 37.5% in the ONTARGET study. CVD history was more common in the ONTARGET patients (85.0% vs. 47.9%).
Conclusions
A key aim of treating type 2 diabetes is to prevent or reduce development of micro-or macrovascular complications, and to try to achieve as near normal quality and quantity of life as possible. Multifactorial intervention -with improved glycaemic regulation and the use of RAAS blockers, aspirin and lipid-lowering agents -has been shown to reduce the risk of fatal and non-fatal renal and cardiovascular events. 21 However, the impact on preventing CVD events by different interventions (per 1000 patient-years of treatment) varies considerably: 12 per 4 mmHg lower systolic blood pressure, 8 per 1 mmol/L lower LDL-cholesterol and 3 per 0.9% lower HbA 1c . 22 A recent meta-analysis of randomized controlled trials of glycaemic regulation concluded: 'when only high quality studies are considered, no benefit was associated with intensive treatment, and the risk of severe hypoglycaemia doubled'. 23 In the ADVANCE study severe hypoglycaemia was strongly associated with increased risk fatal and non-fatal CVD events. 24 However, no relationship was found between repeated episodes of severe hypoglycaemia, vascular outcomes or death in the ADVANCE study.
The primary objective of ALTITUDE is to evaluate the efficacy and safety of aliskiren 300 mg once daily added to full recommended conventional therapy (including a maximum dose of an ACEi or ARB) in patients with type 2 diabetes who are at high risk of cardiovascular and renal Median with first and third quartiles indicated except for urinary albumin to creatinine ratio (UACR). Denominator is the total number of patients in each column. a The subgrouping of cardiovascular disease history is based on the cardiovascular diseases listed in this table. b If baseline UACR is missing, then subgrouping of UACR ≥200 mg/g (Yes/No) is taken from randomization stratification. c UACR is calculated by using the geometric mean of last three measurements prior to randomization visit date. Geometric mean with first and third quartiles indicated. d UACR category definition is based on the median of last three measurements prior to randomization visit date. events. At baseline, the majority of patients had micro-or macroalbuminuria and stage 3 CKD, i.e. are at high risk for both renal events and CVD. In addition, nearly half already had a history of CVD. Indeed, this may be an underestimate as a recent study suggested that more than 50% of asymptomatic patients with type 2 diabetes and an UACR above 30 mg/g had significant coronary arterial disease. 25 At randomization 220 patients had stage 4 CKD, except 12 patients with pre-randomized determination of eGFR below 30 ml/min per 1.73m 2 , the remaining 208 had prerandomized determination above 30 ml/min per 1.73m 2 . It should be mentioned that the enrolment criteria led to a lower eGFR in CVD patients as compared with patients with macroalbuminuria, since reduced eGFR was not a requirement in the latter group.
A recent systemic review of event rates in clinical trials in diabetes mellitus concluded: 26 'Trials including diabetic subjects without cardiovascular disease or proteinuria generate few events, and require substantial participant numbers to achieve adequate power. However, presence of coexisting cardiovascular disease or proteinuria increases event rate multiple-fold'. The enrolment criteria in ALTITUDE reflect that knowledge.
At randomization the patients were already fairly well treated, regarding important cardiovascular and renal risk factors, such as blood pressure, lipid levels, glycaemic regulation, haemoglobin and low frequency of smoking. Approximately 80% of the patients were treated with a lipid lowering agent and 63% with anti-platelet therapy, with even higher rates of use of these drugs in patients with CVD. Insulin, as expected, was the most commonly prescribed hypoglycaemic drug, followed by metformin. The common use of metformin is notable in relation to the reduced renal function in the patients, but reflects the much wider indication for biguanides nowadays. The main concern for lactic acidosis is in patients with an eGFR <30 ml/min per 1.73 m 2 .
CKD and the diabetic state are characterized by enhanced tissue RAAS activity 27 and sodium and fluid retention. Consequently, diuretic treatment should be considered in nearly all of our patients. The benefits from diuretics are numerous: reduced sodium and fluid retention, improved effect of RAAS blockade, improved blood pressure control and reduced frequency of hyperkalaemia. However, only 63% of the patients in ALTITUDE are prescribed diuretics at baseline.
Aliskiren differs from an ACEi and ARB in blocking the first and rate-limiting step in the RAAS, leading to suppression of all RAAS hormones including plasma renin activity, but not plasma renin concentration. In addition, the drug has a half-life of approximately 40 hours, with a trough-topeak ratio of 0.9 for the 300 mg dose. Enhanced and more complete blockade of the intrarenal RAAS has also been demonstrated. 28 Animal studies suggest that aliskiren reduces the number of (pro)renin receptors in the kidney. 29 Since non-dipping of night-time blood pressure and enhanced diurnal blood pressure variability are frequently present in patients with CKD and long standing diabetes, [30] [31] [32] long lasting stable blood pressure reduction as obtained with aliskiren might prove beneficial.
What is key, however, to the hypothesis tested in ALTITUDE is that aliskiren has additional potentially beneficial actions when added to an ACEi or ARB and that these might translate into improved clinical outcomes. In AVOID, when combined with an ARB, aliskiren lowered urinary albumin excretion in patients with diabetic nephropathy. 17 Numerous studies [2] [3] [4] have documented that the initial treatment-induced reduction in albuminuria is highly predictive of reduction of fatal and non-fatal renal and cardiovascular events including the most recent analysis of the ONTARGET and TRANSCEND studies. When added to an ACEi or an ARB in patients with chronic heart failure, aliskiren reduced brain natriuretic peptide (BNP), a change also predictive of improved outcome in this condition 31 . Although adding aliskiren to an ACEi or ARB did not lead to greater regression of left ventricular mass in hypertensive patients with left ventricular hypertrophy 33 or reduce left ventricular remodelling after MI 34 overall in ALLAY and ASPIRE, there was a trend to more regression and less remodelling with aliskiren in the subgroup of patients with diabetes, possibly because these patients have enhanced RAAS activity. More regression of left ventricular hypertrophy in hypertension and left ventricular remodelling after MI are both predictive of better clinical outcomes.
In conclusion, the ALTITUDE study will determine the potential cardio-renal benefit and safety of the direct renin inhibitor aliskiren in combination with ACEi or ARB in a broad range of high risk patients with type 2 diabetes.
